Abstract. microRNA 21 (miRNA-21) promotes the development of cardiac fibrosis, hypertrophy and heart failure. However, whether it can be used as a biomarker for the diagnosis and prognosis of heart failure remains unclear. The current study assessed circulating miRNA-21 as a viable indicator for diagnosis and prognosis of heart failure. The levels of miRNA-21 and brain natriuretic peptide were measured in serum obtained from the peripheral vein (miRNA-21-PV) and coronary sinus (miRNA-21-CS) of 80 patients with heart failure and 40 control individuals via reverse transcription-quantitative polymerase chain reaction and ELISA, respectively. The correlations between circulating miRNA-21 and diagnosis, severity, prognosis and re-hospitalization rate of heart failure were evaluated using statistical analysis. Serum miRNA-21-PV and miRNA-21-CS levels of patients with heart failure were significantly higher than that of control subjects, and were also correlated with ejection fraction and brain natriuretic peptide. Both were determined to have high levels of sensitivity and specificity for diagnosing heart failure. Follow-up of the patients with heart failure indicated that miRNA-21-PV and miRNA-21-CS were correlated with prognosis, and miRNA-21-CS was efficient in predicting re-hospitalization for heart failure. Circulating miRNA-21 has potential to be a biomarker of heart failure.
Introduction
MicroRNAs (miRNAs) are endogenous, non-coding, single-stranded RNAs consisting of fewer than 22 nucleotides, and are encoded by short inverted repeats within the genome (1, 2) . miRNAs perform their physiological and pathological functions by regulating the expressions of target genes (3) . Previous studies have suggested that a number of miRNAs are involved in the pathogenesis of cardiovascular disease (4) (5) (6) . One of these is miRNA-21.
miRNA-21 was first identified as a tumor growth enhancer (7, 8) , however was later observed to be involved in mediating the homeostasis of the cardiovascular system (9) (10) (11) . Abnormal levels of miRNA-21 contribute to the development of a number of cardiovascular diseases including coronary heart disease, cardiac fibrosis and hypertrophy (12, 13) . For example, Dong et al (14) identified abundant miRNA-21 in rat hypertrophic cardiac cells, and Thum et al (15) reported that miRNA-21 was significantly upregulated in fibrotic failing hearts, and involved in activating extracellular signal-related kinase-mitogen-activated protein kinase signaling that led to fibroblast proliferation and fibrosis. Conversely, the antagonist of miRNA-21 prevented cardiac hypertrophy and reversed cardiac remodeling (15) .
Heart failure (HF) is an end stage of numerous cardiac muscle disorders including cardiac hypertrophy, and is the leading cause of hospitalization in the elderly and death worldwide (16, 17) . Histologically, the failing heart is accompanied by cardiomyocyte death and fibrosis (18) . miRNA-21 in human HF has been studied previously, in human failing heart tissues, miRNA-21 levels were elevated (19) . In a rat HF model, elevated miRNA-21 levels facilitated the development of HF, at least in part by promoting cardiac fibrosis (20) . Thus, miRNA-21 in the heart contributes to the pathogenesis of HF. However, while miRNA-21 is produced predominantly in the heart, it is unclear whether circulating miRNA-21 can serve as an indicator for HF in human patients.
Identification of specific, reliable and sensitive biomarkers for human diseases is a field of active research. In the cardiovascular field, several molecules have been identified as putative biomarkers for different cardiovascular diseases or different stages of a particular cardiovascular disease. For example, it is well documented that high levels of low-density lipoprotein cholesterol are closely associated with increased risk of coronary heart disease (21) . Circulating brain natriuretic peptide (BNP), which is predominantly produced in heart ventricles in response to stress, serves as a sensitive predictor for cardiac dysfunction and for vascular patients with major adverse cardiac events (22, 23) .
The identification of circulating miRNAs as specific biomarkers for cardiovascular disorders has been researched previously. For example, circulating miRNA-208 and miRNA-150 have been identified as potentially promising biomarkers for both agonist-induced cardiac hypertrophy and cardiac remodeling following acute myocardial infarction (24, 25) . A number of miRNAs, including miRNA-21, have been observed to be elevated in the serum of elderly patients with non-ST segment myocardial infarction (26) , suggesting that miRNA-21 may serve as a biomarker for coronary heart diseases.
Given the pathogenic role that miRNA-21 has in the development of HF, and that increased levels of miRNA-21 have been demonstrated in failing hearts in humans and animal models, the present study explored an association between the levels of circulating miRNA-21 and human HF. The observations of the current study provided evidence that miRNA-21 could be a promising biomarker for diagnosis and prognosis of human HF.
Materials and methods
Study subjects. The Institutional Review Board of First Affiliated Hospital of Xinjiang Medical University approved the study protocol. A total of 120 patients among those hospitalized between March 2013 and October 2013 met the inclusion criteria of the study, signed an informed consent form, and were subsequently recruited into the study. All patients underwent coronary angiogram, radiofrequency ablation or cardiac resynchronization therapy (CRT). Due to the fact that previous studies indicated that serum miRNA-21 levels were high in patients with malignant tumors (7, 27, 28) , the current study excluded patients with malignant tumors.
Among the patients recruited, 40 had normal cardiac function and were placed in the control group, and 80 had abnormal cardiac function and were placed in the HF group. The diagnosis of HF met the guidelines of the 2012 European Society of Cardiology for heat failure (29) . The patients in the control group had arrhythmia or angina. The inclusion criteria for HF were: Cardiomyopathy; HF as the first-listed diagnosis; a left ventricular ejection fraction (LVEF)<50%; and a history of HF for >6 months. The exclusion criterion for the HF group was the presence of a malignant tumor. The inclusion criteria of the control group were: LVEF≥50%; and no symptoms of HF. The exclusion criteria for the control group were: A history of myocardial infarction; or presence of a malignant tumor.
Blood sample collection. All subjects underwent either coronary angiography or radiofrequency catheter ablation. Sheathes were placed in the femoral vein and blood samples were extracted from the coronary sinus (CS) and femoral vein using a coronary angiographic catheter. The patients in the HF group were further stratified into 4 subgroups based on the New York Heart Association (NYHA) Functional Classification. All patients with HF were treated with anti-HF drugs, and their cardiac functions were improved to NYHA II. When the blood was being collected from the CS the X-ray position was at 30 degrees, relative to the left anterior oblique position.
Under fluoroscopy, the catheter reached the upper right atrium and turned toward the spine. The operator then slowly pulled back the catheter, jumping of the catheter signified that the catheter's tip had reached the CS. The operator used a contrast agent during angiography to ensure that the catheter was localized in the coronary sinus.
Serum isolation and storage. A total of 2 6-8 ml blood samples were separately collected from the CS and femoral vein of each subject. The collection tube (BD 762165 PAXgene Blood RNA tube) was purchased from BD Biosciences (Franklin Lakes, NJ, USA). All blood samples were allowed to stand for less than 2 h prior to being centrifuged at 1,800 x g for 10 min, after which the serum samples were collected and stored at -80˚C.
Measurement of BNP.
The level of BNP was measured using a human BNP enzyme-linked immunosorbent assay kit (cat. no. AK0014JUN09001; Elabscience Biotechnology Co., Ltd., China). The measurement of each sample was conducted in triplicate. Testers of the samples were blinded to the study group.
RNA extraction and cDNA synthesis. Total RNA was extracted from serum using the TRIzol LS reagent (Invitrogen; Thermo Fisher Scientific, Inc., Waltham, MA, USA) based on the protocol provided by the manufacturer. Briefly, 0.25-ml serum samples were homogenized in 0.75 ml TRIzol reagent and 0.2 ml chloroform was added to each sample. All samples were centrifuged at 12,000 x g for 15 min at 4˚C to separate the mixture. RNA in the aqueous phase was precipitated with 0.5 ml isopropyl alcohol. Following centrifugation, the pellets (i.e., RNA) were washed with 75% ethanol. RNA purity was determined from the 260/280 nm ratio, and only those samples with a ratio of between 1.8 and 2.1 were used in the present study.
Reverse transcription (RT) was performed using 4 µg of total RNA in a total reaction volume of 20 µl, with the RevertAid First Strand cDNA Synthesis kit (Fermentas; Thermo Fisher Scientific, Inc.) using hsa-mir-21 RT primer 5'-GTC GTA TCC AGT GCA GGG TCC GAG GTA TTCGCACTGGATACGACTCAA CAT C-3'. Briefly, subsequent to an initial treatment at 70˚C for 5 min, the RT reaction was conducted at 42˚C for 1 h using 1 µl Moloney murine leukemia virus reverse transcriptase, and terminated by heating to 92˚C for 5 min. Following cDNA synthesis, all cDNA samples were diluted 10 times in molecular grade water and stored at -20˚C.
Quantitative polymerase chain reaction (qPCR)
. qPCR was performed using an ABI viia7 Sequence Detection system (Applied Biosystems; Thermo Fisher Scientific, Inc.). The hsa-mir-21 PCR primers were: Forward, 5'-TGC GCT AGC TTA TCA GAC TGA-3' and reverse, 5'-CCA GTG CAG GGT CCG AGG TATT-3'. U6 small nuclear RNA was used as an endogenous control for normalization. The qPCR reaction contained 10 µl 2X SYBR-Green/Fluorescein qPCR Master mix (Fermentas; Thermo Fisher Scientific, Inc.), the forward and reverse primers, RNase-free water and 2 µl cDNA template per reaction in a final volume of 20 µl. The thermocycling conditions for quantitative PCR were 1 cycle of 50˚C for 2 min, 95˚C for 10 min, 40 cycles of 30 sec at 94˚C and 30 sec at 60˚C.
The data were processed using the relative quantification method. The relative values were measured as 2 -ΔΔCt (30) . Testers were blinded to the patient group. The expression levels relative to U6 were 18.88±1.49 in the vein and 28.10±1.49 in the coronary of the control group, and 20.01±0.82 in the vein and 28.94±1.07 in the coronary of the HF group.
Data analysis and statistics. Data were analyzed using the statistical software package SPSS 17.0 (SPSS, Inc., Chicago, IL, USA). Continuous clinical variables were compared between the 2 groups using a two-sided unpaired t-test. Analysis of covariance was used to analysis the effect of confounding factors. The Chi-square test was applied to compare categorical clinical variables. Receiver operating characteristic (ROC) curve analysis was used to evaluate the association between miRNA-21 levels and a diagnosis of HF. Pearson's correlation coefficient was employed to evaluate the correlation between clinical features and serum miR-21. Binary logistic regression was used to evaluate the correlation between serum miRNA-21 and other factors with the re-hospitalization rate for HF. A COX regression model was used to evaluate the correlation between serum miRNA-21 and other factors with the prognosis of HF. Continuous clinical variables were presented as the mean ± standard deviation. P<0.05 was considered to indicate a statistically significant difference.
Results

Demographic and clinical characteristics of the HF and control groups.
The HF and control groups were significantly different with regard to age, gender, pathogenesis, hemoglobin, systolic pressure, renal function and levels of BNP and miRNA-21 in the peripheral vein (PV) and CS (Table I) .
Increased circulating BNP and miRNA-21 in HF patients.
A number of studies have indicated a higher level of BNP in the CS than in other tissues of the body (31, 32) , and it has been well documented that the majority of circulating BNP originates from the heart (33). Consistent with the above observations, in the present study BNP levels in the CS were higher than in the PV in patients of either the HF or control group (Fig. 1A) . Notably, the data of the present study indicated that BNP levels from either the PV or CS in HF patients were significantly higher than that of the control group.
The levels of circulating miRNA-21 in the PV were lower in the CS in both the HF and control groups, and circulating miRNA-21 in the patients with HF was significantly higher, than that of the control group (Fig. 1B) . Previous studies have indicated that age (34) and diabetes (35) affected the expression of miRNA-21. Therefore, analysis of covariance was used to analyze the effect of age and diabetes. It was identified that in the samples investigated, age and diabetes did not significantly correlate with the circulating levels of miRNA-21, in either the vein or coronary (Table II) . Fig. 2 ).
Levels
Correlation between miRNA-21 and other clinical indices.
Correlation analyses were conducted to evaluate associations between serum miRNA-21 and EF, NYHA classification or BNP in the HF group relative to the control group (Fig. 3) . miRNA-21-PV was negatively correlated with EF (r=−0.540, P<0.001), however positively correlated with NYHA grade (r=0.580, P<0.001) and BNP-PV (r=0.760, P<0.001). The associations between miRNA-21-CS and EF (r=−0.556, P<0.001), NYHA classification (r=0.755, P<0.001) and BNP-CS (r=0.725, P<0.001) followed the same pattern as that of miRNA-21-PV to these variables (Fig. 4) .
Correlation between miRNA-21 and the severity of HF symptoms. The levels of circulating miRNA-21-PV and miRNA-21-CS gradually increased with increasing NYHA grade (Fig. 5) . Analysis of variance indicated that the levels of circulating miRNA-21-PV and miRNA-21-CS were significantly different in each group, excluding that between the NYHA I and II groups.
Correlation between circulating miRNA-21 and diagnosis of HF.
The correlation between circulating miRNA-21 and HF was identified by the ROC curve (Fig. 6) . Using a threshold score of 1.98, patients with a score >1.98 were predicted to have HF. Using miRNA-21-PV, a sensitivity of 100%, a specificity of 97.5% and area under curve (AUC)= 0.948 was achieved for the identification of patients with HF. Similar results were obtained for miRNA-21-CS (sensitivity=100%, specificity=97.5% and AUC=0.940).
Correlation between circulating miRNA-21 and prognosis of HF.
The association between circulating miRNA-21 and the prognosis of the HF group was analyzed using a Cox regression model. The patients with HF were followed for 2 years (mean, 18.33±3.882 months). The endpoint of follow-up was death. A total of 17 patients of the HF group died, 1 as a result of a traffic accident, 1 from hypoxemia of pulmonary fibrosis and infection, 12 from cardiac sudden death, and 3 from multiple organ failure caused by HF. EF, BNP-PV, creatinine, CRT and miRNA-21-PV/miRNA-21-CS were included in the Cox regression model. miRNA-21-PV significantly correlated with the endpoint [relative risk (RR)=1.936, 95% confidence interval (CI)=1.310-2.865, P=0.001], as did miRNA-21-CS (RR=1.125, 95% CI=1.049-1.1206, P=0.001; Table III) .
Correlation between circulating miRNA-21-CS and re-hospitalization rate for HF.
A binary logistic regression model was used to evaluate a correlation between serum miRNA-21 and other factors and the re-hospitalization rate for HF. A total of 23 of the 60 patients with HF required re-hospitalization during the follow-up period.
EF, BNP-PV, creatinine, CK-MB, alanine aminotransferase, CRT, miRNA-21-PV and miRNA-21-CS were analyzed using binary logistic regression. Similar to the analysis with the Cox regression model, the miRNA-21-PV and miRNA-21-CS serum levels were analyzed to compare their correlations with re-hospitalization rates for HF. miRNA-21-PV exhibited no significant association with re-hospitalization rate [overall risk (OR)=1.001, 95% CI=0.993-1.010, P=0.757], however miRNA-21-CS did (OR=1.160, 95% CI=1.023-1.315, P=0.021; Table IV) .
Discussion
In the present study, it was investigated whether miRNA-21 could serve as a valuable predicator for HF. The current study established, to the best of our knowledge for the first time, that circulating miRNA-21 may not only be a promising biomarker of human HF, however additionally an efficient predictor of mortality and re-hospitalization of patients with HF.
Similar to serum BNP, serum miRNA-21 levels taken from the CS were significantly higher than that from the PV, regardless of whether the samples were from the control or HF patients. This suggests that the heart is an important source Values are reported as n, unless otherwise indicated. HF, heart failure; PSVT, paroxysmal superaventricular tachycardia; RVOT, right ventricular outflow tract ventricular; NYHA, New York Heart Association; ACEI, angiotensin converting enzyme inhibitor; ARB, angiotensin receptor blocker; CRT, cardiac resynchronization therapy; CK-MB, creatine kinase, muscle and brain; LVED, left ventricular end diastolic diameter; LVEF, left ventricular ejection fraction; BNP, brain natriuretic peptide; PV, peripheral vein; CS, coronary sinus.
of serum miRNA-21 in patients with HF. By contrast, it was identified that the levels of circulating miRNA-21 in the PVs and CSs of the HF group were significantly higher than that of the control group, indicating that serum miRNA-21 may be a predictor of HF. Notably, a blood sample obtained from one patient in the control group had a significantly higher level of circulating miRNA-21 relative to the other control samples, and it was determined that this control subject had atrial fibrillation. Thus, consistent with a previous report, miRNA-21 may be involved in the pathogenesis of atrial fibrillation (36) . For a factor to qualify as a biomarker of HF, the expression of this factor should not be significantly altered in the failing hearts caused by different forms of cardiac diseases. Ischemic cardiomyopathy and dilated cardiomyopathy are the two most common causes of HF. In the present study, there was no significant difference in EF between these two groups. Further analysis identified that the circulating levels of miRNA-21-CS and miRNA-21-PV additionally exhibited no significant difference between these two groups, suggesting that the circulating miRNA-21 was not significantly altered due to different causes of HF, i.e., ischemic or non-ischemic cardiomyopathy.
Due to the fact that significantly higher circulating levels of miRNA-21-CS and miRNA-21-PV were identified in patients with HF compared with the control subjects, associations between serum miRNA-21 and cardiac function status, diagnosis, prognosis or re-hospitalization rates were investigated. It was observed that circulating miRNA-21-PV and miRNA-21-CS correlated well and linearly with cardiac EF, BNP and NYHA grade; the latter evidenced by a gradual increase in levels with increasing NYHA grade. However, the association between miRNA-21-CS and EF was closer than that of the association between miRNA-21-PV and EF, indicating that miRNA-21-CS may be a more effective indicator of cardiac function and HF. miRNA-21-PV and miRNA-21-CS exhibited similar efficacy in the diagnosis of HF, as similar sensitivity (100%) and specificity (97.5%) were observed, as indicated by the ROC curve.
Few clinical studies have investigated the potential of miRNAs as an indicator of prognosis in HF. In the present study, the results indicated that serum miRNA-21 was useful Table II . Age and diabetes were not correlated with circulating microRNA-21 levels in patients with heart failure as analyzed by analysis covariance. However, in the present study, CRT did not significantly affect prognosis or re-hospitalization. The discrepancy between previous results and those of the current study were likely due to the HF group in the present study including patients with various stages of HF, of which only 25% of those with severe HF received CRT. Since the heart is the major source of circulating miRNA-21 in patients with HF, it is understandable that the level of miRNA-21 in the CS is higher than in the PV, and therefore is probably a more sensitive predicator. However, it was suggested that circulating miRNA-21-PV was sufficient for predicting cardiac function, diagnosis and prognosis of HF. Table IV . Circulating miR-21 levels in coronary sinus however not in peripheral veins correlated with re-hospitalization rate. Given that circulating miRNA-21-PV is more readily available than miRNA-21-CS, it is anticipated that miRNA-21-PV will have a more practical application in the clinical setting. The limitations of the present study were as follows. The control group did not match the HF group in terms of age and gender, in addition, the subjects selected for the control group were not healthy people, which may have led to unpredictable effects on the results. In addition, the size of the samples used in the study was small. Thus, further studies with a larger sample size and an improved control group are required in order to corroborate the results.
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In summary, the present study compared the levels of circulating miRNA-21 in the PVs and CS of patients with HF and control subjects. It was determined that both miRNA-21-PV and miRNA-21-CS were significantly increased in HF patients when compared with the control group. The correlation analysis indicated that circulating miRNA-21 correlated with the diagnosis and prognosis of HF. Therefore, it was suggested that circulating miRNA-21 has potential to become a novel biomarker of human HF.
